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A B S T R A C T
A new series of Co(II), Ni(II), Cu(II) and Zn(II) complexes were prepared with bidentate ligand
derived by condensation of 4-amino-3-mercapto-6-methyl-5-oxo-1,2,4-triazine with 3-(p-
bromophenyl)-1-phenyl-1H-pyrazolecarboxaldehyde.The Schiff base and its metal complexes
were characterized on the basis of various spectroscopic investigation like IR, NMR, fluo-
rescence and thermal analyses.The coordinated water molecules were confirmed by IR and
thermal data, while the geometry of the complexes was confirmed by electronic spectra,
magnetic moment measurements and ESR analysis. Cyclic voltammetry shows the redox
behavior of copper complexes. All the complexes were colored, stable in air and non-
electrolytic in nature. Schiff base and its metal complexes were screened for in vitro
antimicrobial activity and it was observed that metal complexes show enhanced biologi-
cal activity as compared to ligand or metal salts. In addition, Zn(II) complexes show enhanced
biological activity against most of the microbial strains as compared to ligand and other
metal complexes.
Production and hosting by Elsevier B.V. on behalf of Beni-Suef University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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1. Introduction
Pyrazole motif is a prominent heterocyclic scaffold and com-
pounds bearing pyrazole unit are the structural core of a variety
of natural products. Among them 4-functionalized pyrazole de-
rivatives occupy a unique place and are used extensively in
medicinal chemistry.These derivatives also show a wide range
of biological activities such as antimicrobial (Isloor et al., 2009;
Kulkarni and Revankar, 2011; Parmar et al., 2015), anti-
inflammatory (Asif, 2014; Hussain and Kaushik, 2015; Iqbal et al.,
2013), antidepressant (Aziz et al., 2009; Secci et al., 2011) and
antitumor activities (Mohareb et al., 2012; Ren et al., 2014). For
the past two decades, Schiff bases were in constant emergence
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because of their simplicity in preparation and diversity in re-
actions (Abou-Hussein and Linert, 2014; Shoaib et al., 2013).
Along with this, literature data reveal that pyrazole Schiff bases
containing N and S as donor atoms formed complexes with
transitionmetals (Mahalakshmi and Rajavel, 2014; Sharma et al.,
2013; Singh et al., 2012a, 2012b). In comparison to 4d or 5dmetal
complexes, complexes of 3d transition metal ion exhibit ben-
eficial properties as low toxicity and easily penetrate to the cell
membrane of microbes. Furthermore, they behave as thera-
peutic agents for the treatment of various diseases (Ahmed
et al., 2015; Chang et al., 2016; El-Tabl et al., 2015). In the present
research paper, synthesis, characterization and biological
evaluation of 4-[{3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-
ylmethylene}-amino]-3-mercapto-6-methyl-5-oxo-1,2,4-
triazine Schiff base and its Co(II), Ni(II), Cu(II) and Zn(II) metal
complexes have been carried out. It will help in understand-
ing the chelated behavior of Schiff base with transition metal
ions and enlighten more on the biological application of che-
lated complexes of transition metals, and it has been observed
that the overall value of nitrogen and sulfur containing organic
fragment is improved when they are binding with metal ion
(Keter and Darkwa, 2012; Subbaraj et al., 2015).
2. Experimental
2.1. Materials and methods
All the solvents and chemicals used in the synthesis were pur-
chased from Spectrochem Ltd and solvents were dried according
to standard procedure. IR spectra of the compounds were re-
corded on a MB-3000 ABB spectrometer in KBr pellets/Nujol
mulls. 1H-NMR spectra of the compounds were recorded on
Bruker ACF 300 spectrometer at 300 MHz in CDCl3/DMSO using
‘TMS’ as reference compound. Fluorescence spectra of the ligand
and metal complexes were recorded on SHIMADZU RF-5301 PC
spectrophotometer. Electronic spectra of metal complexes were
recorded onT 90 (PG Instruments Ltd) UV/VIS spectrometer in
DMF in the region 1100–200 nm. Magnetic moment measure-
ments were carried out onVibrating Sample Magnetometer at
the Institute Instrumentation Centre, IIT Roorkee.
Thermogravimetric analysis was carried out on the Perkin Elmer
(Pyris Diamond) instrument at a heating rate of 10 °C min−1 by
using alumina powder as reference. ESR spectra of Cu com-
plexes were recorded under the magnetic field 3000 Gauss at
frequency 9.1 GHz by using Varian E-112 ESR spectrometer at
SAIF, IIT Bombay. Ivium Stat Electrochemical Analyzer was used
to record the cyclic voltammetry measurements of Cu(II)
complexes. Gravimetric methods were used to determine the
metal contents: cobalt was estimated as cobalt pyridine thio-
cyanate, nickel as nickel dimethylglyoximate, copper as cuprous
thiocyanate and zinc as zinc ammonium phosphate (Vogel,
1999).
2.2. Synthesis
4-amino-3-mercapto-6-methyl-5-oxo-1,2,4-triazine (AMMOT)
was synthesized using a reported method (Dornow et al., 1964).
2.2.1. 4-[{3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-
ylmethylene}-amino]-3-mercapto-6-methyl-5-oxo-1,2,4-
triazine (HL)
The equimolar ratio of AMMOT (1.00 g, 6.33 mmol) and 3-(p-
bromophenyl)-1-phenyl-1H-pyrazolecarboxaldehyde (2.07 g,
6.33 mmol) was taken in absolute alcohol and refluxed for 12
hours.The completion of the reaction was monitored through
TLC. The product was filtered, washed with ethanol, recrys-
tallized with the same solvent and then dried (Fig. 1).
M.P. 236–238 °C, for C20H15BrN6OS, Calcd. C; 51.40% (found
51.34%), H; 3.24% (found 3.19%), N; 17.98% (found 17.90%).
2.2.2. Synthesis of 1:1 metal complexes
The complexes were prepared by treating the warm ethanolic
solution of acetates of Co(II) (0.107 g, 0.43 mmol), Ni(II) (0.106 g,
0.43 mmol), Cu(II) (0.086 g, 0.43 mmol) and Zn(II) (0.094 g,
0.43 mmol) with warm ethanolic solutions of ligand (0.20 g,
0.43 mmol). The resulting products were filtered, washed with
warm water, aqueous ethanol and finally with acetone.
Co(L)OAc.3H2O: C22H23BrCoN6O6S, Calcd. C; 41.39% (found
41.31%), H; 3.63% (found 3.58%), N; 13.17% (found 13.10%),
Co; 9.23% (found 9.18%).
Ni(L)OAc.3H2O: C22H23BrN6NiO6S, Calcd. C; 41.41% (found
41.36%), H; 3.63% (found 3.58%), N; 13.17% (found 13.10%),
Ni; 9.20% (found 9.14%).
Cu(L)OAc.H2O: C22H19BrCuN6O4S, Calcd. C; 43.54% (found
43.48%), H; 3.16% (found 3.09%), N; 13.85% (found 13.77%),
Cu; 10.47% (found 10.39%).
Zn(L)OAc.3H2O: C22H23BrN6O6SZn, Calcd. C; 40.98% (found
40.90%), H; 3.60% (found 3.53%), N; 13.03% (found 12.99%),
Zn; 10.14% (found 10.07%).
2.2.3. Synthesis of 1:2 metal complexes
The hot ethanolic solution of ligand HL (0.40 g, 0.86 mmol) was
added to the hot ethanolic solution of acetates of Co(II) (0.107 g,
0.43 mmol), Ni(II) (0.106 g, 0.43 mmol), Cu(II) (0.086 g, 0.43 mmol)
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Fig. 1 – Synthesis of Schiff base.
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and Zn(II) (0.094 g, 0.43 mmol).The colored complexes were fil-
tered andwashed with warmwater, aqueous ethanol and finally
with acetone.The purity of the complexes was checked by TLC.
Co(L)2.2H2O: C40H32Br2CoN12O4S2, Calcd. C; 46.75% (found
46.69%), H; 3.14% (found 3.10%), N; 16.36% (found 16.29%),
Co; 5.73% (found 5.68%).
Ni(L)2.2H2O: C40H32Br2N12NiO4S2, Calcd. C; 46.76% (found
46.70%), H; 3.14% (found 3.08%), N; 16.36% (found 16.28%),
Ni; 5.71% (found 5.68%).
Cu(L)2: C40H28CuBr2N12O2S2, Calcd. C; 48.23% (found 48.21%),
H; 2.83% (found 2.76%), N; 16.87% (found 16.82%), Cu; 6.38%
(found 6.33%).
Zn(L)2.2H2O: C40H32Br2N12O4S2Zn, Calcd. C; 46.46% (found
46.40%), H; 3.12% (found 3.05%), N; 16.25% (found 16.19%),
Zn; 6.32% (found 6.27%).
2.3. Antimicrobial assay
2.3.1. Test microorganisms
Newly synthesized compounds were screened for antimicro-
bial activity against six microbial strains, four bacteria
(Staphylococcus aureus MTCC 96, Bacillus subtilis MTCC 121, Pseu-
domonas aeruginosa MTCC 741 and Escherichia coli MTCC 1652)
and two yeast (Candida albicans MTCC 227 and Saccharomyces
cerevisiae MTCC 170). All the bacterial cultures were procured
from Microbial Type Culture Collection (MTCC), IMTECH,
Chandigarh.
2.3.2. In vitro antimicrobial activity
The newly synthesized compounds were evaluated by using
the agar well-diffusion method. All the microbial cultures
were adjusted to 0.5 McFarland standard, which is visually com-
parable to a microbial suspension of approximately
1.5 × 108 cfu/ml.Twentymilliliters of Muller Hinton agarmedium
were poured into each Petri plate and plates were swabbed with
100 μl inocula of the test microorganisms and kept for 15
minutes for adsorption using sterile cork borer of 8 mm di-
ameter, and the wells were bored into the seeded agar plates
and these were loaded with a 100 μl of each compound (con-
centration of 4.0 mg/ml) reconstituted in dimethyl sulfoxide
(DMSO). All the plates were incubated at 37 °C for 24 hrs. Zone
reader (antibiotic zone scale) was used to measure the diam-
eter of inhibition zone of the test organisms. DMSO was used
as a negative control, whereas ciprofloxacin was used as posi-
tive control. This procedure was repeated thrice for each
organism (Ahmad and Beg, 2001; Andrews, 2001).
2.3.3. Minimum inhibitory concentration (MIC)
Compounds that show promising antimicrobial activities are
selected to test their MIC value. MIC of the various com-
pounds against microbial stains was tested through a modified
agar well-diffusion method (Aneja et al., 2011).
3. Results and discussion
3.1. IR spectra
IR spectral data of free ligand and its metal complexes reveal
the involvement of coordination sites in chelation (Table 1). In
free ligand, a characteristic band observed at 1605 cm−1 is as-
signed to azomethine ʋ(—CH=N—) group, which shifted to
lower wave numbers in all the metal complexes, indicating the
coordination through N atom of azomethine group with metal
ion (Ramasubramanian et al., 2011). In the spectrum of Schiff
base, a broad band observed at 2793 cm−1 due to thiol group
disappeared in metal complexes, which indicates the
deprotonation and coordination through S atom to metal ion
(Singh et al., 2015a).This is further supported by two new non-
ligand bands observed in the region 305–350 cm−1 and 451–
542 cm−1 in metal complexes, which has been assigned to ʋ(M-
S) and ʋ(M-N) group respectively. Broad bands observed inmetal
complexes in the region 3610–3742 cm−1 assigned for ʋ(OH/H2O)
evidenced the presence of coordinated water molecules. The
unaltered position of ʋ(C=O) group in all the metal com-
plexes indicates the non-participation of keto group in chelation
(Singh et al., 2015a). In addition to this, some new bands were
observed in metal derivatives, i.e. bands ~1651 and ~1458 cm−1.
These bands represent the asymmetric and symmetric stretch
of acetate group, and confirm the coordination of acetate group
in monodentate fashion. Furthermore, in 1:1 metal com-
plexes, band was observed in the region ~1740 cm−1 due to
ʋ(OCOCH3) group.
3.2. 1H-NMR spectra
To elucidate the structure of Schiff base and its Zn(II) com-
plexes, 1H-NMR spectra were recorded in DMSO-d6. In Schiff
base, peak appears at δ 9.26 ppm due to azomethine proton,
which deshielded in the spectra of Zn(II) complexes, indicat-
ing the complexation through azomethine nitrogen atom. In
Schiff base, signal that appeared at δ 13.63 ppm was not
Table 1 – IR frequencies (cm−1) of Schiff base and its metal complexes.
Compound ʋ (N=CH) ʋ (C-S) ʋ (S-H) ʋ (OCOCH3) ʋ (H2O/OH) ʋ (M-S) ʋ (M-N)
HL 1605 – 2793 – – – –
Co(L)(OAc).3H2O 1535 756 – 1744 3742 335 480
Co(L)2.2H2O 1512 756 – – 3742 345 469
Ni(L)(OAc).3H2O 1597 756 – 1744 3618 311 491
Ni(L)2.2H2O 1597 756 – – 3672 328 451
Cu(L)(OAc).H2O 1597 756 – 1740 3610 305 510
Cu(L)2 1597 756 – – – 342 542
Zn(L)(OAc).3H2O 1535 756 – 1744 3742 350 491
Zn(L)2.2H2O 1535 756 – – 3742 320 488
23b en i - s u e f un i v e r s i t y j o u rna l o f b a s i c and a p p l i e d s c i e n c e s 5 ( 2 0 1 6 ) 2 1 – 3 0
observed in the spectra of Zn(II) complexes, further support-
ing the complexation through S atom of the thiol group (Singh
et al., 2015a).The peak that appeared at δ 2.16 ppm (due to—CH3
group present in the triazine ring) did not change in the spectra
of metal complexes. In 1:1 Zn(II) complex, signal was ob-
served at δ 2.48 ppm due to methyl proton of OCOCH3 group.
Thus, binding modes discussed in IR spectra are further sup-
ported in 1H-NMR spectra.
The 1H-NMR spectrum of Schiff base exhibits signals at δ
9.264 (s,1H, —CH=N—), 8.647 (s,1H, pyrazole-H), 8.010 (d, 2H,
Ar-H), 7.556 (t, 2H, Ar-H), 7.413 (t, 1H, Ar-H), 7.791 (d, 2H, Ar-H),
7.659 (d, 2H, Ar-H), 2.167 (s, 3H, -CH3), 13.63 (br-s, 1H, -SH).
The 1H-NMR spectrum of Zn(L)(OAc).3H2O exhibits signals
at δ 9.710 (s, 1H, —CH=N—), 8.643 (s, 1H, pyrazole-H), 8.014 (d,
2H, Ar-H), 7.557 (t, 2H, Ar-H), 7.414 (t, 1H, Ar-H), 7.786 (d, 2H,
Ar-H), 7.662 (d, 2H, Ar-H), 2.162 (s, 3H, -CH3), 2.482 (s, 3H,
-OCOCH3), 4.204 (s, 6H, -OH2).
The 1H-NMR spectrum of Zn(L)2.2H2O exhibits signals at δ
9.711 (s, 2H, —CH=N—), 8.642 (s, 2H, pyrazole-H), 8.014 (d, 4H,
Ar-H), 7.556 (t, 4H, Ar-H), 7.413 (t, 2H, Ar-H), 7.783 (d, 4H, Ar-H),
7.662 (d, 4H, Ar-H), 2.160 (s, 6H, -CH3), 4.210 (s, 4H, -OH2).
3.3. Electronic spectra and magnetic moment
measurements
To understand the nature of the M-L bond, the electronic spec-
tral data of the complexes were calculated in DMF and shown
in Table 2. Co(II) complexes exhibited two absorption bands,
which fall in the range of 10,497–19,684 cm−1 and 10,911–
20,283 cm−1 attributed to 4T1g (F) → 4T2g (F) (ʋ1) and 4T1g (F) →
4T1g (P) (ʋ3) transitions, respectively. ʋ2 was not observed but it
could be calculated by using the relation ʋ2 = ʋ1 + 10Dq. By using
Band-Fitting equation, the ligand field parameters (Dq, B, β, β
%) have been calculated. The calculated value of crystal field
splitting energy (Dq) was 1165.4 and 1210 cm−1. These values
are well within the range reported for octahedral complexes.
The value of Racah parameter (B) was less than free ion value
(971 cm−1), indicating the orbital overlap and delocalization of
d-electron on the ligand. The nephelauxetic ratio (β) was less
than one, which reveals the partial covalent nature of metal
ligand bonds. The magnetic moment data of Co(II) complexes
indicate the presence of three unpaired electrons. The mag-
netic moment values were found in the range of 4.5–5.0 BM,
which is in the expected range (4.3–5.2 BM) of octahedral com-
plexes (Lever, 1984).
Ni(II) complexes exhibited three absorption band in the
region 9671–10,600 cm−1 (ʋ1), 16,529–17,687 cm−1 (ʋ2) and 23,964–
24,919 cm−1 (ʋ3) attributed to 3A2g (F) → 3T2g (F) (ʋ1), 3A2g (F) →
3T1g (F) (ʋ2) and 3A2g (F) → 3T1g (P) (ʋ3) transitions, respectively.
The ligand field parameters (Dq, B, β, β %) have also been cal-
culated for Ni(II) complexes. These parameters indicate
octahedral arrangement around the Ni(II) complex and suggest
the partial covalent nature of metal ligand bond. The ob-
served magnetic moment values were found in the range of
3.3–3.4 BM, which is in the usual range of reported octahe-
dral complexes (Rosu et al., 2010).
For Cu(II) complexes, a band observed in the region of 18,681–
19,952 cm−1 assigned to 2B1g → 2A1g indicates the square planar
geometry of the copper complexes (Al-Shaalan, 2011). Further
confirmation was done by magnetic moment values 1.9–
2.0 BM, which is consistent with proposed square planar
geometry of Cu(II) complexes.
3.4. Photoluminescence spectra
The photoluminescence spectra of Schiff base and its 1:2 Co(II),
Ni(II), Cu(II) and Zn(II) complexes were recorded in DMF with
an excitation wavelength of 265 nm (Fig. 2).The most enhance-
ment in fluorescent intensity of metal complexes was observed
in the case of Zn(II) complexes, with emission band observed
at 497 nm as they are difficult to oxidize or reduce due to their
stable d10 configuration (Basak et al., 2007).The emission bands
for Co(II), Ni(II) and Cu(II) were observed at 471 nm, 406 nm and
403 nm, respectively. A weak fluorescent emission band at
370 nm was observed for Schiff base.The enhancement are in
the order of Zn(II) > Cu(II) > Co(II) > Ni(II) > Schiff base.These en-
hancements in the fluorescent intensity of metal complexes
show that Schiff base is one of the good chelating agents
(Shanmugakala et al., 2012). Thus, Schiff base and metal com-
plexes are fluorescent in nature and they open a way for the
photochemical applications of the complexes (Majumder et al.,
2006).
Table 2 – Electronic spectral data and ligand field parameters of metal complexes.
Compound ʋ (cm−1) Band assignment Dq (cm−1) B (cm−1) ʋ2/ʋ1 β β %
Co(L)(OAc).3H2O 10,497
22,150a
19,684
4T1g (F) → 4T2g (F) (ʋ1)
4T1g (F) → 4T1g (P) (ʋ3)
1165.4 689.6 2.11 0.710 29
Co(L)2.2H2O 10,911
23,012a
20,283
4T1g (F) → 4T2g (F) (ʋ1)
4T1g (F) → 4T1g (P) (ʋ3)
1210 704.1 2.11 0.725 27.5
Ni(L)(OAc).3H2O 9671
16,529
23,964
3A2g (F) → 3T2g (F) (ʋ1)
3A2g (F) → 3T1g (F) (ʋ2)
3A2g (F) → 3T1g (P) (ʋ3)
967.1 765.3 1.71 0.735 26.5
Ni(L)2.2H2O 10,600
17,687
24,919
3A2g (F) → 3T2g (F) (ʋ1)
3A2g (F) → 3T1g (F) (ʋ2)
3A2g (F) → 3T1g (P) (ʋ3)
1060 720.4 1.67 0.692 30.8
a Calculated values.
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3.5. ESR spectra
The ESR spectra of Cu(L)OAc.H2O and Cu(L)2 complexes were
studied, which provided useful information of metal ion en-
vironment in complexes and also indicated the anisotropic
behavior of Cu(II) complexes. The g values observed for
Cu(L)OAc.H2O g = 2 12. , g⊥ = 2 06. , gav = 2.08, G = 2.03 and for
Cu(L)2 g = 2 09. , g⊥ = 2 06. , gav = 2.07, G = 1.51). The axial geom-
etry pattern for Cu(II) ion has been observed,which is confirmed
by the gǁ and g┴ values, which are more than 2.04.The spectrum
of Cu(L)2 is given in Fig. 3. The existence of unpaired electron
in the dx2−y2 orbital corresponds to square planar geometry
around the Cu(II) center. It is further confirmed by the value
of G (axial symmetry parameter), which is calculated with the
help of gǁ and g┴. The value of G is less than 4.0, suggesting
the considerable exchange interaction in the Cu complexes
(Shanmugakala et al., 2012; Singh et al., 2015b). The partial co-
valent character of metal–ligand bond has been proposed with
the help of gǁ value that is less than 2.3.
3.6. Thermal analysis
To determine the thermal stability and chemical composi-
tion of 1:2 Co(II), Ni(II), Cu(II) and Zn(II) complexes,
thermogravimetric analysis has been performed in a tempera-
ture range of 50–700 °C by using alumina as reference
compound (Fig. 4).
Co(L)2.2H2O decomposed in three steps. First step resulted
in mass loss of 3.10% (Calc. 3.50%) corresponding to the loss
of two water molecules (temperature range 100–230 °C). Second
step resulted in mass loss of 61.05% (Calcd. 63.29%) corre-
sponding to the loss of organic moiety (temperature range 231–
420 °C). Third step resulted in mass loss of 26% (Calcd. 27.46%)
consistent with the loss of triazine ring leaving CoO as residue
(temperature range 421–520 °C).
Ni(L)2.2H2O degraded in three steps. First step involved weight
loss (found 3.10% and calculated 3.50%) corresponding to the
removal of two water molecules (temperature range 110 to
225 °C). Second step involved weight loss (found 62.50% and
calculated 63.30%) corresponding to removal of organic moiety
(temperature range 226 to 425 °C).Third step resulted in weight
loss (found 25.90% and calculated 27.47%) corresponding to
Fig. 2 – Photoluminescence spectra of Schiff base and its
1:2 metal complexes.
Fig. 3 – ESR spectrum of Cu(L)2.
25b en i - s u e f un i v e r s i t y j o u rna l o f b a s i c and a p p l i e d s c i e n c e s 5 ( 2 0 1 6 ) 2 1 – 3 0
removal of triazine ring (temperature range 426 to 530 °C).The
residue was estimated as NiO.
In the case of Cu(L)2, decomposition took place in two steps.
The first step (temperature range 95–455 °C) resulted in mass
loss of 64.35% (Calcd. 65.29%) corresponding to elimination of
organic moiety. The second step (temperature range 456–
610 °C) resulted in mass loss of 27.65% (Calcd. 28.33%)
corresponding to elimination of triazine ring leaving CuO as
residue.
Decomposition in Zn(L)2.2H2O took place in three steps.The
first step resulted in mass loss of 3.20% (Calcd. 3.48%) and oc-
curred in temperature range of 100–240 °C due to loss of two
water molecules. The second step resulted in mass loss of
61.40% (Calcd. 62.87%) and appeared in temperature range of
241–410 °C due to loss of organic moiety.The third step, which
appeared in temperature range of 411–560 °C, resulted in mass
loss of 26.50% (Calcd. 27.28%) due to loss of triazine ring. The
residue was estimated as ZnO.
3.7. Electrochemical behavior
The redox behavior of Cu(II) complexes was studied in the po-
tential range of −1.0 to 0.9 V with scan rate of 100 mV/s by using
the TBAP as supporting electrolyte. Cu(L)(OAc).H2O and Cu(L)2
voltammogram displays reduction peaks at EPc = 0.10 V and
EPc = 0.20 V, respectively, associated with Cu(II)/Cu(I) couple and
oxidation peaks at EPa = −0.30 V and EPa = −0.45 V, respectively,
associated with Cu(I)/Cu(II) couple. The peak to peak separa-
tion (ΔEP = 0.40 V and 0.25 V) indicates a quasi-reversible one
electron transfer redox behavior of copper in complexes (Kavitha
et al., 2013).
3.8. Biological evaluation
In vitro antimicrobial activity of Schiff base and its metal che-
lates was examined against two gram-positive bacteria (B. subtilis
and S. aureus), two gram-negative bacteria (E. coli and
P. aeruginosa) and two yeasts (C. albicans and S. cerevisiae) by using
agar well-diffusion method (Singh et al., 2012a, 2012b). Inhi-
bition zone for gram-positive bacteria was found in the range
of 10–23 mm, for gram-negative bacteria 10–20 mm and for
yeasts 10–21 mm. It has been observed that compounds
Zn(L)(OAc).3H2O and Zn(L)2.2H2O were very effective against
B. subtiliswith zone of inhibition of 23 mm and 22 mm, S. aureus
with zone of inhibition of 15 mm and 17 mm, E. coli with zone
of inhibition of 20 mm and 19 mm, P. aeruginosa with zone of
inhibition of 16 mm and 15 mm, C. albicans with zone of in-
hibition of 11 mm and 13 mm, and S. cerevisiae with zone of
inhibition of 21 mm and 19 mm, respectively.Thus metal com-
plexes show enhanced biological activity as compared to ligand,
and this can be better explained by the Overtone’s concept
(Raman et al., 2002) of cell permeability and Tweedy’s chela-
tion theory (Tweedy, 1964). According to Overtone’s concept of
cell permeability, the lipidmembrane surrounding the cell favors
the passage of only lipid-soluble material; therefore,
liposolubility is an important factor that controls the antimi-
crobial activity. On chelation, polarity of themetal ion is reduced
to a greater extent due to the overlapping of the ligand orbital
and partial sharing of the positive charge of the metal ion with
donor groups. Moreover, delocalization of the ᴨ-electrons over
Fig. 4 – TGA of (a) Co(L)2.2H2O, (b) Ni(L)2.2H2O, (c) Cu(L)2, and
(d) Zn(L)2.2H2O.
Table 3 – Biological activity of synthesized compounds through agar well diffusion method.
Compounds Diameter of growth of inhibition zone (mm)a
B. subtilis S. aureus E. coli P. aeruginosa C. albicans S. cerevisiae
HL 12 12 10 10 10 12
Co(L)(OAc).3H2O 15 14 12 12 10 13
Co(L)2.2H2O 16 13 11 11 10 14
Ni(L)(OAc).3H2O 13 10 13 15 10 13
Ni(L)2.2H2O 15 10 14 14 12 10
Cu(L)(OAc).H2O 18 14 14 10 12 12
Cu(L)2 16 10 13 12 13 10
Zn(L)(OAc).3H2O 23 15 20 16 11 21
Zn(L)2.2H2O 22 17 19 15 13 19
Ciprofloxacin 24.0 26.6 25.0 22 – –
Amphotericin-B – – – – 16.6 19.3
a Values including diameter of the well (8 mm) are means of three replicates.
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the whole chelate ring is increased and the lipophilicity of the
complex is enhanced.The increased lipophilicity enhances the
penetration of the complexes into the lipid membranes and
blocks the metal binding sites in the enzymes of microorgan-
isms (Table 3, Fig. 5).
The observedMIC values of the tested compoundwere found
in the range of 25–50 μg/ml against all the microbial strains.
Zn(L)(OAc).3H2O and Zn(L)2.2H2O show the lowest MIC value
(25 μg/ml) against B. subtilis, E. coli and S. cerevisiae.
3.9. Structure determination by computational method
The optimized geometries of Schiff base and its some 1:1 and
1:2 metal complexes are shown in Fig. 6, and bond length and
bond angles of Cu(L)(OAc).H2O are depicted in Tables 4 and 5,
respectively.
4. Conclusions
Schiff base and metal complexes were synthesized and char-
acterized by various physicochemical techniques like IR, NMR,
ESR, electronic, magnetic moment, thermal, fluorescence and
cyclic voltammetry. With the help of aforementioned tech-
niques, octahedral geometry around the Co(II), Ni(II) and Zn(II)
complexes and square planar geometry around the Cu(II) com-
plexes have been proposed. This study reveals that the
antimicrobial activity of Schiff base derived from pyrazole is
modified in the presence of metal ions. For instance,
Zn(L)(OAc).3H2O and Zn(L)2 complexes show good activity
against B. subtilis, E. coli, P. aeruginosa, C. albicans, and S. cerevisiae
and follow the order S. cerevisiae > B. subtilis > C. albicans > E. coli >
P. aeruginosa.
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Fig. 6 – (a) Optimized structure of Schiff base, (b) optimized structure of Cu(L)(OAc).H2O, (c) optimized structure of Cu(L)2, (d)
optimized structure of Co(L)(OAc).3H2O, and (e) optimized structure of Co(L)2.2H2O.
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